Plasmid Replication Control by Antisense RNAs.
Plasmids are selfish genetic elements that normally constitute a burden for the bacterial host cell. This burden is expected to favor plasmid loss. Therefore, plasmids have evolved mechanisms to control their replication and ensure their stable maintenance. Replication control can be either mediated by iterons or by antisense RNAs. Antisense RNAs work through a negative control circuit. They are constitutively synthesized and metabolically unstable. They act both as a measuring device and a regulator, and regulation occurs by inhibition. Increased plasmid copy numbers lead to increasing antisense-RNA concentrations, which, in turn, result in the inhibition of a function essential for replication. On the other hand, decreased plasmid copy numbers entail decreasing concentrations of the inhibiting antisense RNA, thereby increasing the replication frequency. Inhibition is achieved by a variety of mechanisms, which are discussed in detail. The most trivial case is the inhibition of translation of an essential replication initiator protein (Rep) by blockage of the rep-ribosome binding site. Alternatively, ribosome binding to a leader peptide mRNA whose translation is required for efficient Rep translation can be prevented by antisense-RNA binding. In 2004, translational attenuation was discovered. Antisense-RNA-mediated transcriptional attenuation is another mechanism that has, so far, only been detected in plasmids of Gram-positive bacteria. ColE1, a plasmid that does not need a plasmid-encoded replication initiator protein, uses the inhibition of primer formation. In other cases, antisense RNAs inhibit the formation of an activator pseudoknot that is required for efficient Rep translation.